Pestiviruses initiate infection of susceptible cells by receptor-mediated endocytosis. Cellular plasma membrane or endosomal molecules involved in translocation of these viruses into the cytosol have not been unequivocally identified. We reported previously that a mutant cell line derived from Madin-Darby bovine kidney (MDBK) cells, termed CRIB-I, was resistant to infection with bovine viral diarrhoea virus. CRIB-1 cells were also resistant to infection with classical swine fever virus and border disease virus of sheep, suggesting that entry of these three different pestiviruses into bovine cells requires a common cell membrane function. The resistance is pestivirus-specific: CRIB-1 cells were as susceptible as the parental MDBK cells to 14 other viruses of cattle and swine belonging to unrelated families. The resistance of CRIB-1 cells to pestivirus infection involves a block in virus entry since transfection of virus RNA or virus inoculation in the presence of PEG resulted in productive infection. Furthermore, quantitative analyses of the outcome of PEG-mediated infection of CRIB-1 cells indicated that the intracellular milieu was fully permissive for pestivirus replication. Binding studies revealed that virus attachment to CRIB-1 cells was not completely abrogated. These results indicate that entry of pestiviruses into MDBK cells depends on a common plasma membrane or endosomal function, which is lacking in CRIB-1 cells.
Introduction
The genus Pestivirus (family Flaviviridae) comprises economically important pathogens of livestock, including classical swine fever virus (CSFV), border disease virus (BDV) of sheep and bovine viral diarrhoea virus (BVDV) (Francki et al., 1991) . Pestiviruses are small enveloped viruses whose genomes consist of a single molecule of messenger-sense ssRNA of about 12.5 kb (Collett et aL, 1988a, b; Meyers et al., 1989; Moormann et al., 1990) . Pestiviruses are antigenically related and display a virtually identical genome structure and organization (Akkina & Raisch, 1990; Edwards et al., 1991 ; Collett et al., 1988a Collett et al., , b, 1991 . They have a similar gene expression strategy, lacking subgenomic RNA and involving cap-independent translation of the genomic RNA into a large polyprotein, which is cleaved to yield the virus polypeptides (reviewed in Donis, 1995) .
At the amino acid level, the overall sequence identity between bovine and swine pestiviruses is about 70 % * Author for correspondence. Fax + 1 402 472 9690. e-mail rdonis@unl.edu i" Present address: Departamento de Medicina Veterinaria Preventiva, Universidade Federal de Santa Maria-UFSM, Santa Maria, RS, Brazil 97119. (Collett, 1992; Deng & Brock, 1992) . The most conserved nucleotide and amino acid sequences are located in the 5' untranslated region and in the NS3/p80 region, respectively (Deng & Brock, 1992) . The envelope glycoproteins, in particular E2/gp53-gp55, have the lowest similarity, yet are thought to mediate equivalent functions (Weiland et al., 1990) . The E2 glycoproteins of CSFV (gp55) and BVDV (gp53) display an overall 76 % amino acid identity and have almost indistinguishable hydrophilicity plots (Weiland et al., 1990) . Sequence similarity is lowest in two regions of E2: the N terminus and a domain near the middle of the linear structure of the glycoprotein (Deng & Brock, 1992) . In virions, glycoprotein E2 homodimerizes or forms heterodimers with a 25 kDa (BVDV) or 33 kDa (CSFV) glycoprotein (Weiland et al., 1990) . E2 sequence variation alters the number and distribution of potential glycosylation sites as well as the number of cysteines. These differences may account for the low levels of antibody crossneutralization observed between CSFV and BVDV as well as variation among different viruses in their ability to enter cells of different species or tissues (Weiland et al., 1990) .
Pestiviruses are able to cross species barriers to infect different hosts within the order Artiodactyla (Doyle & Heuschele, 1983; Dahle et al., 1987; Nettleton, 1990 ).
Most, if not all, pestivirus isolates can be selected in vitro for efficient replication in cultured cells from these species (Fernelius et al., 1969; Horzinek, 1981 ; Moennig, 1990; Roche & Edwards, 1994) . The efficiency of replication in heterologous cells varies significantly and may to some extent reflect different abilities to interact with host cell molecules serving as virus receptors (Liess & Moennig, 1990; Moennig, 1990; Roche & Edwards, 1994) . One or more as yet uncharacterized cell surface molecules mediates attachment of BVDV virions to bovine cells (Moennig et al., 1988; Xue & Minocha, 1993) . Nothing is known about the requirements for host molecules in endosome-envelope fusion and translocation of the pestivirus capsid to the cytosol. It has been suggested that sheep and swine pestiviruses do not enter bovine cells efficiently unless variants are selected for efficient growth in bovine cells by multiple passages (Moennig et al., 1988; Moennig, 1990) .
In the present report we provide evidence which indicates that pestiviruses require at least one common cellular function to initiate infection of MDBK cells. The resistance of CRIB-1 cells to infection with a number of pestivirus isolates is due to a block in virus entry and suggests that a common cell membrane function that plays a pivotal role in virus entry into bovine cells is either absent or altered.
Methods
Cells and viruses. BVDV-free Madin-Darby bovine kidney (MDBK) and porcine kidney cells (PK-15) were obtained from the ATCC. The origin and characterization of the mutant MDBK cell line CRIB-1 has been reported previously (Flores & Donis, 1995) . Bovine testicle cells were prepared as previously described (Donis & Dubovi, 1987) . Cells were maintained in Eagle's MEM with Earle's salts (MEM-E; Gibco) supplemented with 5 % fetal horse serum (Sigma).
The origin of CSFV, BDV and BVDV isolates is shown in Table 1 . Stocks of virus were produced in PK-15, MDBK and bovine testicle cells, respectively. Experiments with CSFV were carried out at the National Veterinary Services Laboratories (NVSL; Ames, Iowa, USA). The following viruses were obtained from the Veterinary Diagnostic Center (University of Nebraska at Lincoln, USA): bovine herpesvirus (BHV) types 1, 2 and 4, bluetongue virus (BTV), bovine enterovirus (BEV), bovine adenovirus type 3 (BAV-3), bovine respiratory syncytial virus (BRSV), parainfluenza virus type 3 (PIV-3), vesicular stomatitis virus (VSV), pseudorabies virus (PRV), porcine parvovirus (PPV), transmissible gastroenteritis virus (TGEV) and porcine rotavirus.
MAbs and #nmunofluorescence assays. The murine MAb 20.10.6, which recognizes an epitope of the pS0/NS3 portion of the pestivirus non-structural protein p125/NS23 (Corapi et al., 1990) , was used to detect BDV and BVDV proteins in an indirect immunofluorescence assay (IFA) and to detect CSFV, BDV and BVDV proteins in Western immunoblots. Alternatively, a mixture of five MAbs (4D 1, 12G4, 19F7, 18d4 and 20F7) , specific for the BVDV glycoprotein gp53/E2 (Corapi et al., 1990) Susceptibility to infection with bovine and swine viruses. MDBK and CRIB-1 cells were inoculated with 10 bovine and four swine viruses at a multiplicity of 1 CCIDso/cell (median cell culture infectious dose; Reed & Muench, 1938) . Cell cultures were observed for cytopathology and culture supernatants were harvested 24 to 48 h.p.i. Progeny virus was quantified (Mahy, 1985) and expressed as CCIDs0/ml. Plaque formation by VSV in MDBK and CRIB-1 cells was assayed according to protocols described elsewhere (Wunner, 1985) . Susceptibility of MDBK and CRIB-1 to BPV, BTV, PPV and porcine rotavirus was estimated by counting 1000 cells and estimating the proportion of IFApositive cells at 36 to 48 h.p.i.
Susceptibility to pestivirus infection. The susceptibility of CRIB-1 cells to pestivirus infection was ascertained by investigating the production of virus proteins by IFA and Western immunoblot, by detection of virus RNA in Northern blot hybridization and by quantification of virus yield as described previously. Briefly, IFA were carried out on cells grown on glass coverslips and inoculated with each of four CSFV, four BDV and eight BVDV isolates (Table 1) at an input multiplicity of 1. Infection was ascertained by IFA of cells fixed at 24 or 36 h.p.i.
To determine the ability of MDBK and CRIB-1 cells to support virus growth, cells were inoculated with CSFV 518, BDV Idaho and BDV 31, and BVDV Singer-cp and VSll5-ncp at a multiplicity of 1. After adsorption of the virus inoculum for 1 h at 37 °C, cell monolayers were extensively washed to remove input virus and culture medium was added. Culture supernatant aliquots were collected at 5 and 30 h.p.i, to determine virus concentration by endpoint dilution.
PEG-mediated infection of CRIB-1 cells with pestiviruses.
The method for PEG-mediated BVDV infection of cultured cells has been described previously (Flores & Donis, 1995) . Briefly, MDBK and CRIB-1 cells (106) were trypsinized, resuspended in 1 ml of culture medium containing either CSFV 518 or BDV Idaho (input multiplicity 5) or BVDV Singer-cp (input multiplicity 10) and 5 % (w/v) PEG (M r 6000; Carbowax; Fisher) and incubated for 1 h at 37°C. Cells were sedimented by low-speed centrifugation, the medium was removed and the cell pellet was treated with MEM containing 37.5 % (w/v) PEG (M,. 1450; ATCC) at 37 °C for 1 rain. After treatment, PEG concentration was gradually reduced by addition of serum-free MEM. PEG was removed by centrifugation and cells were then plated on appropriate culture vessels. The frequency of cells producing pestivirus proteins was assessed by IFA performed in cells fixed at 24 h.p.i. For quantification of progeny virus yield, inoculated cells were washed twice after attachment and PEG treatment, culture medium was replaced and cells were incubated at 37 °C. Culture supernatauts were harvested at 30 h.p.i, and used for titration of infectivity. Production of pestivirus proteins by CRIB-1 cells following PEG-mediated infection was also monitored by Western immunoblot. MDBK and CRIB-1 cells were inoculated with CSFV 518, BDV Idaho and BVDV Singer-cp at a multiplicity of 5 in the presence or absence of PEG. Cell lysates prepared at 24 h.p.i, were submitted to Western immunoblot as described previously (Flores & Donis, 1995) . Mock-infected MDBK and CRIB-1 cells and cells inoculated with the respective viruses in the absence of PEG were used as controls. To ascertain the ability of different pestivirus isolates to initiate PEG-mediated infection, CRIB-1 and MDBK cells were inoculated with each of 16 pestivirus isolates 
PEG-mediated entry of BVDV attached at 4 °C.
To estimate the relative efficiencies of BVDV binding to CRIB-1 and MDBK cells, BVDV Singer-cp was incubated with cells at 4 °C at an input multiplicity of 10, unbound virus was removed and attached virus was allowed to enter cells by raising the temperature to 37 °C and treatment with PEG. Assessment of the relative frequency of infected cells in the monolayers was done by IFA. Monolayers of MDBK or CRIB-1 cells were dispersed with trypsin-EDTA and adjusted to a concentration of 106 cells/ml as described. Four sets of 106 CRIB-1 or MDBK cells suspended in 1 ml of MEM-E at 4 °C were mixed with equal volumes of MEM-E at 4 °C containing 107 CCIDs0 of BVDV (VS115-ncp). Two sets of mixtures were infected by attaching virus to the monolayers at 37 °C by a standard protocol described previously (Flores & Donis, 1995) . Two other sets of mixtures were incubated for 1 h at 4 °C with occasional stirring. Virus still unattached by the end of the incubation period was removed by washing the cells three times with MEM-E and centrifugation (400 g for 5 min at 4 °C). Subsequently, attached virus was induced to enter one set of cells by raising the temperature for 5 rain to 37 °C and the other set by raising the temperature and addition of PEG. To this end, cells and attached virus were pelleted by centrifugation (400 g for 5 min at 25 °C), culture fluids were removed and the cell pellets were treated with warm MEM-E alone for 5 rain at 37 °C or MEM-E containing 37.5% PEG (M,. 1450; ATCC) for 1 min at 37 °C. PEG concentration was gradually reduced by addition of serum-free MEM-E over a period of 4 rain. Both sets of cells were washed by centrifugation and plated onto three 1.2 mm diameter glass coverslips in 24-well culture dishes in medium supplemented with fetal bovine serum and incubated at 37 °C. The frequency of cells producing BVDV proteins was assessed by IFA performed in cells fixed at 24 h.p.i. The frequency of infected cells in MDBK and CRIB-1 cell monolayers inoculated at 4 °C followed by standard or PEG-assisted virus entry compared to the frequencies in monolayers in which virus was attached at 37 °C would indicate if there was a substantial difference in virus attachment.
BVD V RNA extraction and transfection. Virus RNA was extracted from concentrated BVDV virions by lysis with guanidiniumphenol-chloroform as previously described (Dubovi et al., 1987; Chomczynski & Sacchi, 1987) . MDBK and CRIB-1 cells (106) were transfected with approximately 2 mg of virus RNA by electroporation. Conditions for electroporation were: 400 W, 25 mF, 400 V, with 106 cells/ml suspended in 0-2 ml of Dulbecco's MEM using in a Bio-Rad Gene Pulser with a 0.4 cm cuvette. Transfected cells were submitted to IFA at 16 h.p.i, and culture supernatants were harvested for quantification of progeny virus.
Results

CRIB-1 infection resistance is pestivirus-specific
CRIB-1 cells are mutant cells that were identified by limiting dilution cloning of MDBK cells that survived lytic infection with the Singer-cp strain of BVDV (Flores & Donis, 1995) . To determine the susceptibility of CRIB-1 cells to different pestiviruses, cells were inoculated with four isolates of CSFV, four isolates of BDV and eight isolates of BVDV. Inoculated monolayers were probed with specific MAbs in an IFA for the presence of specific virus-induced proteins resulting from infection. None of these pestivirus isolates led to infected cell monolayers when inoculated in CRIB-1 cells ( Fig. 1 ; not shown). In contrast, 40 % to 70 % of the inoculated M D B K ceils were infected by these viruses (Fig. 1 b-d) . Rare, virus-positive CRIB-1 cells were, however, observed in monolayers inoculated with any of the pestiviruses at high input multiplicities. The frequency of infected CRIB-1 cells was estimated to be 10 + for BVDV Singer-cp (Table 2 ; Flores & Donis, 1995) , < 10 -5 for CSFV 518 and approximately 10 -4.5 for BDV Idaho.
The spectrum o f resistance of CRIB-1 cells to virus infection was further investigated by inoculation with selected pestivirus strains and monitoring of infection by Northern blot hybridization and Western immunoblot (data not shown). These results were in agreement with the results of I F A ; no detectable synthesis of virus R N A or proteins was evident in pestivirus-inoculated CRIB-1 cells. Quantitative results of infectious virus progeny production following inoculation o f CRIB-1 cells with pestiviruses paralleled these observations. Virus titres in supernatants from inoculated CRIB-1 cells harvested at 30 h.p.i, were identical or only slightly higher than titres observed at 5 h.p.i. (Table 2 ). The infectivity detected in culture supernatants probably represents residual input virus and newly assembled progeny virus produced by the few cells that were infected (Flores & Donis, 1995) .
Resistance is pestivirus-specific." CRIB-1 cells are susceptible to other bovine and swine viruses
To investigate if the resistant phenotype was pestivirusspecific or the result of an indiscriminate antiviral activity, CRIB-1 cells were inoculated with 10 bovine and four swine viruses from diverse phylogenetically distant families. The course of infection, number o f infected cells and virus yield was compared with the same parameters observed in infected M D B K cells. The course of infection with these viruses in CRIB-1 cells, as judged by the kinetics and extent o f cytopathology and plaque morphology (when applicable) did not differ from the infection of M D B K cells (data not shown). Likewise, the yield of progeny virus for most tested viruses (Fig. 2) and (Fig.  2) , but the significance of this finding remains to be determined. Efficient levels of replication of swine and bovine viruses indicate that CRIB-1 cells do not display a broad defect that interferes with virus replication. Previous studies established the capacity of PEG to facilitate BVDV entry into CRIB-1 cells (Flores & Donis, 1995) . To determine if resistance to different swine and ovine pestiviruses could be overcome by addition of PEG, we inoculated M D B K and CRIB-1 cells with eight different isolates (four CSFV and four BDV) in the presence or absence of PEG. Infection was monitored by IFA with specific MAbs in cells fixed at 24 h.p.i. Inoculation of CRIB-1 cells with these isolates in the absence of PEG failed to result in infection (Table  1 ; Fig. 1 ) yet over 40 % of M D B K cells treated identically were infected. Addition of PEG to pestivirus inocula resulted in a dramatic increase in the number of infected cells for all isolates (Table 2) .
Resistance resides in an early stage of pestivirus infection
We further characterized the PEG-mediated infection of CRIB-1 cells using a subset of isolates. CRIB-1 cells were inoculated with CSFV 518, BDV Idaho and BVDV Singer-cp at input multiplicity of 5 with or without addition of PEG. Inoculation of CRIB-1 cells with these isolates in the absence of PEG did not result in detectable production of virus RNA or proteins ( Fig. 3 ; data not shown). Addition of PEG to the virus inoculum led to a dramatic increase in the proportion of infected cells (Fig.  3) , protein synthesis and progeny virus yield ( Table 2) .
The infectivity of all isolates tested was enhanced by addition of PEG, resulting in approximately 1000-fold increases in the proportion of pestivirus-infected cells and virus yield (Table 2 ; data not shown). Quantification of the signal generated by pestivirus proteins in Western immunoblots of CRIB-1 cells infected by the PEGmediated pathway revealed a similar enhancement. Taken together these data indicate that post-penetration events of pestivirus replication in CRIB-1 cells are identical to the parental cells.
Estimation of CRIB-1 cell-bound B V D V by postattachment PEG-assisted entry
To determine if pestiviruses attach to CRIB-1 cells efficiently, we incubated cells with virus at 4°C. Attachment can take place at this temperature, while endocytosis is prevented. Free virus was removed at the end of this incubation and attached virus, if any, was revealed by inducing infection with PEG, Virus attachment to M D B K cells was significantly less efficient at 4 °C than at 37 °C; only 20 % of cells were infected when virus was attached at 4 °C as compared to 90 % at 37 °C (Fig. 4) . PEG treatment after attachment did not have a significant effect on BVDV entry into M D B K cells incubated with virus at either temperature (20 % and 90% infection, respectively). The BVDV infection frequency of CRIB-1 cell at 37 °C was 2 % following PEG treatment and 0.001% without PEG. CRIB-1 cells treated with BVDV at 4 °C and washed extensively still showed a frequency of 0.5 % infection, suggesting that virus did attach at 4 °C. The fourfold reduction in BVDV infection frequency at 4 °C relative to 37 °C is comparable to the reduction observed in M D B K cells ( 4). These data suggest that the levels of BVDV attached to CRIB-1 cells after extensive rinsing were still sufficient to saturate the capacity of the PEG-mediated entry pathway.
Discussion
Pestiviruses are closely related in genome structure and organization, have significant nucleotide and amino acid sequence similarity and display an extensive antigenic cross-reactivity (Collett et al., 1988a (Collett et al., , b, 1989 Meyers et al., 1989; Moormann et al., 1990; Edwards et al., 1991) . These viruses show a comparable host range and cell tropism in vivo, an equivalent cell range in vitro and a putative common mechanism of virus internalization. In addition, the putative virus molecules mediating the initial interactions of pestivirus virions with the cell surface display considerable sequence and, by inference, structural similarity (Weiland et al., 1990) . Therefore, it is tempting to speculate that pestiviruses may use a common mechanism and perhaps homologous cell surface or endosomal compartment molecules to interact and deliver the virus genome to the cytosol. Recent studies by Hulst & Moormann (1995) are consistent with the hypothesis of a common cell surface molecule interacting with CSFV and BVDV in the internalization process. Addition of purified CSFV E2 (gp55) to culture supernatants efficiently blocked infection with both CSFV and BVDV isolates. The results presented here further corroborate this hypothesis. Although CRIB-1 cells were selected by their resistance to infection with a single pestivirus, this resistance is qualitatively and quantitatively comparable for two other distinct pestivirus species. Infection of CRIB-1 cells by four CSFV, four BDV and eight BVDV isolates was strictly dependent upon treatments which bypass the entry block, e.g. addition of PEG. Therefore, the block for virus infection probably entails a common function that is required for these isolates to enter bovine cells and start productive infection. The yield of pestiviruses derived from CRIB-1 cells following PEG-mediated infection, expressed as infectious units per infected cell, indicates that replication occurs efficiently if the initial block is bypassed ( Table 2) .
The mechanism by which PEG mediates enhancement of pestivirus infection of CRIB-1 cells is yet to be determined. In several virus systems, P E G has been associated with an enhancement of infection, either by enhancing virus binding (Hoekstra et al., 1989; Gripon et al., 1993) or by inducing virion-cell membrane fusion (Rohde et al., 1978; Sarmiento et al., 1979; Hoekstra et al., 1989; Fehler et al., 1992; Asanaka & Lai, 1993; Herrmann et al., 1993) . PEG probably mediates pestivirus infection of CRIB-1 cells by favouring the interactions between virions and the cell surface, leading to a productive pathway of virus internalization.
PEG (M r 6000) present in the virus inoculum at a concentration of 5%, which is unlikely to induce membrane fusion, was effective in mediating productive pestivirus entry into CRIB-1 cells in the absence of additional manipulations (data not shown). Entry of virus attached to CRIB-1 cells can be driven by a brief treatment of cells with 37.5 % PEG ofM r 1450 (data not shown). Thus, PEG of different M r values can act independently at different times during the pestivirus cell entry process. Sequential PEG treatments have an additive effect on virus entry, and this was the method of choice for experiments requiring the maximum possible infection efficiency. PEG-mediated pestivirus infection of CRIB-1 cells is dramatically reduced by inhibitors of endocytosis and by agents that prevent endosomal acidification (E. F. Flores and R. O. Donis, unpublished results) . This suggests that PEG-mediated enhancement of infection occurs through a physiological pathway of virus entry rather than by direct fusion at the plasma membrane.
PEG-mediated infection of CRIB-1 cells is a powerful tool for investigation of the nature of the functional defect which impairs pestivirus entry into CRIB-1 cells. A previous attempt to determine relative BVDV-binding to CRIB-1 cells involved quantification of infectious virus that remained attached to the cell surface under conditions that did not allow endocytosis. This was achieved by titrating cell-associated infectivity. These experiments indicated that binding was reduced in CRIB-1 cells compared to MDBK cells (Flores & Donis, 1995) . In the experiments reported here, cell surface-bound virus was quantified in a more direct fashion by PEGmediated entry, scoring the amount of attached virus by determining the percentage of subsequently infected cells. These data indicated that substantial levels of BVDV bind to CRIB-1 cells. To reconcile these data we postulate that binding differences detected by titration of CRIB-1 celt-associated infectivity may reflect a physical aspect of virus CRIB-1 cell membrane interaction which does not have a measurable impact on the virus binding measured by post-attachment PEG-mediated entry. Although the PEG-mediated entry pathway into CRIB-1 cells is 30-fold less efficient that the standard pathway, previous data showed that it depends on several cellular events common to the physiological entry pathway (Flores & Donis, 1995) . In any case, PEG-induced virus entry allowed us to determine the presence of cell surface-attached virions. Although the PEG assay on CRIB-1 cells only yielded approximately 1% of the level of infection seen with MDBK cells, there is no doubt that after extensive washing there is sufficient BVDV bound to CRIB-1 cell surfaces to initiate infection with a frequency comparable to that obtained by the standard protocol. The reduction in infection efficiency by virus attachment at 4 °C relative to 37 °C is comparable in both parental MDBK and mutant CRIB-1 cells.
PEG-mediated enhancement of infection by virus previously attached to cells in its absence suggests that PEG facilitates post-attachment events such as virus endocytosis or subsequent fusion of the virus envelope and the endosomal membrane. However, an observation derived from data shown in Fig. 4 allowed us to refine our hypothesis. Incubation of virus with CRIB-1 cells for 1 h at 37°C, followed by washing the cells and subsequent 37.5% PEG treatment resulted in a percentage of infected cells approaching the maximum possible for the PEG pathway, indicating that nearly saturating levels of virus were present at the cell surface to start infection (Fig. 4) . We arrived at this conclusion because we can only envision PEG mediating enhancement of infection if it reaches the interface between the virus envelope and the plasma membrane. Endocytosis of virus attached at 37 °C would sequester virions in a compartment from which PEG is effectively excluded. Thus, if pestiviruses attached at 37 °C could trigger endocytosis in CRIB-1 cells effectively, post-attachment PEG addition would fail to enhance infection because virions would be sequestered inside endosomes. Thus, our working hypothesis is that the substantial levels of virus that attach to CRIB-1 cells are not endocytosed effectively and remain available for PEG-mediated entry.
Although our currently favoured working hypothesis is that a post-attachment event is responsible for the inability of pestiviruses to infect CRIB-1 cells, alternative interpretations of the data are possible. We cannot exclude the possibility that in the physical or functional absence of the primary membrane molecules which mediate virus attachment and subsequent entry, the virus is attaching to a surrogate molecule which is only capable of mediating entry with the assistance of PEG treatment.
Relationships between cell susceptibility to pestivirus infection in vitro and virus tropism and pathogenesis in vivo are poorly understood. The ability of virions to productively interact with cell surface molecules likely represents a critical step in the replication cycle and may be an important determinant of virus tropism and pathogenesis. Future identification of cell surface molecules interacting with virion envelope glycoproteins during virus entry will represent an important step towards the understanding of pestivirus cell tropism, host range and pathogenesis.
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